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INTRODUCTION
Innovation, as the engine of a firm's development, has been considered a major driving force of economic growth (Solow 1957) . However, what drives innovation is still worth investigating. There is a growing literature exploring the factors affecting innovation from various perspectives. In this paper, we contribute to this literature by analyzing how the development of the credit market affects firms' product innovation through improved credit resource allocation.
As Levine (2005: 6) argues, "if finance is to explain economic growth, we need theories that describe how financial development influences resource allocation decisions in ways that foster productivity growth." If the financial intermediaries are active in researching firms, monitoring firms, and pooling risks, they are likely to allocate more credit to firms and projects that increase productivity growth. Knowing that financial intermediaries are allocating credit more effectively and efficiently, firms might be more willing to engage in projects that are risky but foster productivity growth. Therefore, credit market development, through improved credit allocation, is expected to enhance firms' product innovation incentives and outcomes.
Compared with financial depth, credit allocation might play a more important role in fostering firms' product innovation in the People's Republic of China (PRC). Financial depth can only represent the increase of the total credit to gross domestic product (GDP). However, it cannot reveal how the credit is allocated in a financial system. As argued by King and Levine (1993) , a well-developed financial system should be able to allocate more credits to firms or projects that promote economic growth. A financial system that passively allocates credits only to non-state-owned enterprises (non-SOEs) is quite different from that allocating to private firms. The PRC financial system used to be inefficient and ineffective. The financial intermediaries lent most of their credit to state-owned enterprises (SOEs), which are known to be less efficient and less profitable (Guariglia and Poncet 2008) . On the other hand, the non-SOEs, especially privately owned firms, 1 were discriminated by financial intermediaries due to their short credit history and low status in the socialist economy (Guariglia and Poncet 2008, Brandt and Li 2003) . Even though the non-SOEs, on average, are much more efficient and profitable than SOEs, most of them are in shortage of credit for further development. If the credit allocation of the PRC financial intermediaries become more efficient and effective, it can reduce non-SOEs' cost of external fund on average and enable savers to invest in more risky but productive firms and projects (Rajan and Zingales 1998) . Therefore, non-SOEs with better performances and/or more promising are expected to obtain more credit. It is likely to induce these firms, especially those with large credit constraints, to be concerned about their long-term growth and engage in innovative projects. On the other hand, the SOEs could also be forced to care about their performances in case they are not able to get enough credit.
We examine how credit market development, through improvement of credit allocation, affects firms' product innovation incentives and outcomes. Our data are obtained from the National Bureau of Statistics of China(NBS of China) from 2000 to 2007, based on annual surveys of industrial firms, including SOEs and non-SOEs, with sales of more than CNY5 million in each province. One advantage of the dataset is that it allows us to analyze the product innovation behavior of the non-listed firms, which make up more than 99% of the firms in this dataset. Since the non-listed firms account for a much larger part of the PRC economy, it is important to explore the factors affecting 1 Privately owned firms are part of non-SOEs. non-listed firms' product innovation incentives and outcomes. Further, unlike the listed firms, non-listed firms do not have access to capital market. Therefore, we do not need to include the local capital market development, which is difficult to measure correctly (Rajan and Zingales 1998) . Another advantage of this dataset is that banks make commercial lending judgments, to a larger degree, for the manufacturing industry, as argued by Firth et al. (2009 Firth et al. ( ) using 2002 One of the important problems in the financial market development-innovation literature is the endogeneity problem caused by omitted variables and the reverse causality of finance and innovation. The traditional way to investigate how financial market development affects innovation is to rely on cross-country-level or state-level (province) financial market development and innovation data. Therefore, the control variables can only include cross-country-level or state-level (province) variables. Following the most recent researches (i.e., Ayyagari, Demirguc-Kunt, and Maksimovic 2011; Amore, Schneider, and Zaldokas 2013; etc.) , we minimize the omitted variable problem by using firm-level innovation data. Firm-level analysis allows us to control for many unobserved variables such as firm-, industry-, and province-level variables that might affect both credit market development and firm innovation. We then lag the credit market development for one period to minimize the reverse causality problem. In addition, we apply the instrumental variable method to solve the endogeneity problem.
Our results indicate that credit market development enhances firms' product innovation incentives and outcomes through improved credit allocation, which is consistent with the theories established by King and Levine (1993) and Morales (2003) . We further demonstrate that there are two possible channels for this: first, relaxing firms' credit constraints is marginally more beneficial for credit-restrained firms than for other firms. Credit market development has more of an effect on the product innovation incentives and outcomes of credit-restrained firms, such as privately owned firms and small and medium-sized enterprises (SMEs), as opposed to other types of firms. Second, financial institutions are more willing to lend to firms with better performances in better developed credit markets. Therefore, credit market development affects the product innovation incentives and outcomes of firms with better performances more than those of firms with worse performances. In addition, we demonstrate that our results are driven by improvement of credit allocation rather than by an increase in the quantity of total credit or an increase in the number of non-SOEs in a province. Our results are also robust for different estimation methods, different samples, and alternative measures for credit market development.
Our paper is closely related to the literature on whether and how credit market development affects innovation. One part of the literature argues that credit market development mobilizes and provides appropriate financing to firms and projects, which promotes economic growth; and in a well-developed credit market, research, evaluation, and monitoring services are more effective and less expensive. Financial intermediaries may promote innovation by identifying those entrepreneurs with the best chances of successfully initiating new goods and production processes, and monitoring them to generate more innovation outputs (King and Levine 1993 , Morales 2003 , Levine 2005 . The other part of the literature argues that credit market development discourages innovation. First, banks are conservative and dislike risky innovative projects (Weinstein and Yafeh 1998, Morck and Nakamura 1999) . Second, banks prefer to use physical assets to secure loans, favoring firms that have large investments in plants and equipment, rather than those that have substantial research and development investments to generate intangible assets.
The most recent cross-country and within-country empirical analyses 2 also reach contradictory conclusions. For example, Ayyagari, Demirguc-Kunt, and Maksimovic (2011) find that bank financing enhances the innovation of SMEs in developing countries. Xiao and Zhao (2012) argue that credit market development enhances innovation in countries with lower government ownership of banks. Hsu, Tian, and Xu (2014) find that credit market development discourages innovation for more high-tech-intensive industries and industries that are more dependent on external finance. Benfratello, Schiantarelli, and Sembenelli (2008) argue that for firms in Italy, banking development accelerates the probability of process innovation, but this is less true for product innovation. Amore, Schneider, and Zaldokas (2013) find that for United States-listed firms from 1976 to 1995, credit market development enhanced the quantity and quality of innovation activities.
The contributions of this paper are the following: first, we provide within-country analysis to investigate how credit market development affects firms' product innovation incentives and outcomes. Compared with cross-country analysis, within-country analysis can avoid the problems caused by the incomparability of variables between countries. Second, our analysis can be distinguished from many within-country studies because we focus on the perspective of credit allocation. We show that firms' product innovation incentives and outcomes are promoted by credit allocation rather than the quantity of credit (financial depth) in the PRC. Third, compared with country-level and industry-level analyses, we provide a firm-level analysis, which allows us to control for many unobserved firm-, industry-, and province-level variables that might affect both firms' product innovation and credit market development. Firm-level analysis also helps us to minimize the endogeneity problem caused by omitted variables and make the results more trustworthy. Fourth, the non-listed firms make up more than 99% of our sample, which means that our research is much less affected by the development of the capital market. Our further analysis shows that even after we exclude all the listed firms, our results still hold. Fifth, as far as we know, this is the first paper investigating whether credit market development, through improvement of credit allocation, enhances PRC firms' product innovation incentives and outcomes. The PRC financial system is evolving toward a more well-developed system. It is important to understand whether the development improves PRC firms' innovative capacities.
The rest of the paper is organized as follows: in section 2, we provide institutional background; section 3 describes the data and provides summary statistics; section 4 presents the results; section 5 provides a robustness check; and section 6 concludes.
INSTITUTIONAL BACKGROUND
After several years of development, the PRC financial system is gradually becoming a more well-developed system wherein credit allocation is also becoming more efficient and effective.
The PRC financial system originates from a monobank system, with the credit allocating to SOEs only. Since 1986, with the development of various types of financial institutions, the credit has been extended to more diversified customers. A bit more credit has been allocated to non-SOEs since 1997 (Lin 2011) . It was when the PRC government pointed out that non-SOEs were important components of socialist market economy. However, the four state-owned banks with the largest market shares continue to lend to SOEs only (Guariglia and Poncet 2008) because the central and local governments issued lending quotas to firms which submitted investment plans. The non-SOEs are excluded from submitting investment plans. The banks discriminate against the non-SOEs due to their short credit history and low chances of being bailed out by the government (Guariglia and Poncet 2008, Brandt and Li 2003) .
In 1998, the central bank, People's Bank of China, reformed the commercial banks' lending behavior, abolishing the loan-size restrictions on the four state-owned commercial banks. The People's Bank of China's management style also changed from mandatory plans to guiding plans, and all commercial banks were required to rank their loans into five categories according to loan risk from 1998 to 2000. After the PRC's entry to the World Trade Organization in 2001, the PRC banks further went through several reforms, including attracting foreign strategic investors, going public, and reconstructing themselves. The financial institutions thus became more efficient and the credit allocation started to become more commercialized (Lin 2011) . Using World Bank survey data from 2002, Firth et al. (2009) also argue that the state-owned banks allocating credits to non-state-owned sectors tend to use commercial judgments. Even though the proportion of lending to non-SOEs has been increased gradually, the non-SOEs are still financially constrained as argued by Poncet, Steingress, and Vandenbussche (2010) using data from 1998 to 2005.
DATA AND SUMMARY STATISTICS

Sample
The sample is taken from annual surveys on industrial firms, including SOEs and non-SOEs with sales above CNY5 million, conducted by NBS of China from 2000 to 2007. The industrial firms include manufacturing firms, mining firms, and public utilities. The database includes firm characteristics, financial information, and production information. We employ the method in Brandt, Biesebroeck, and Zhang (2012) to construct the panel. The firms in the sample are those adopting the enterprise accounting standard. Firms whose fixed assets are higher than total assets and whose new product production is higher than total production have been excluded from the analysis. To further remove the outliers, firms in the 1st and 99th percentiles of each variable have been excluded. Firms changing industries have also been excluded because the characteristics of the firms may differ if they switch from one industry to another (Ouyang, Zhang, and Dong 2015) .
Innovation Measure
Following Zhang (2015) , we measure the product innovation incentive and outcomes by using two measures constructed from the value of new products.
3 According to NBS of China, new products "refer to brand new products produced with new technology and new design, or products that represent noticeable improvement in terms of structure, material, or production process for improving significantly the character or function of the older versions. They include new products certified by relevant government agencies within the period of certification, as well as new products designed and produced by enterprises within a year without certification by government agencies. This indicator reflects the direct contribution of science and technology output to economic growth." However, this can only measure whether a firm would like to engage in innovative activities and cannot distinguish firms with more innovative activities from those with less innovative activities. Therefore, the second measure we construct is called product innovation outcome, NPr, which is measured as the ratio of the new product production of a firm in 1 year to its total production in that year. The higher the NPr, the more innovative the firm is in a particular year. Panel A of Table 1 provides the summary statistics for NP and NPr in the full sample and for innovative companies only. The sample size for the full sample is 891,462 and that for the innovation companies is 127,959. For NP, the mean is 0.067 and the standard deviation is 0.250. For NPr, the mean is 0.03 and the standard deviation is 0.139. The medians for both NP and NPr are zero, indicating that there are many zeros in the data. For the sample including innovative companies only, the mean is 0.4 and the standard deviation is 0.490. For NPr, the mean is 0.19 and the standard deviation is 0.303. The median is 0.021. 
Credit Market Development Measure
Following King and Levine (1993) , 5 we measure the credit market development from the perspective of credit allocation by using an index constructed from a ratio of the amount of credit allocated to non-SOEs to the total credit amount for 31 provinces as the measure of credit market development. King and Levine (1993) argue that a financial system allocating more financial resources to private firms is more efficient and effective than that allocating financial resources to SOEs or publicly owned enterprises only. Because in such a financial system, the financial intermediaries are more active in researching, monitoring firms, and managing risks. As argued by Fan, Wang, and Zhu (2011) , this index denotes the marketization of credit allocation of financial institutions in the PRC. A higher value of this index indicates that the financial institutions are more active in researching firms rather than just allocating credit to SOEs.
The credit market development index is a subindex of the National Economic Research Institute (NERI) index. The NERI index is constructed by Fan, Wang, and Zhu (2011) and sponsored by the NERI of the PRC and the China Reform Foundation. 7 The original data is from China Banking Yearbooks compiled by the China Banking Association, statistical yearbooks of various provinces, related statistical data on banking and finance, and surveys on finance and banking for each province. This measure has been used in Qian and Yeung 2014. 8 The NERI index had been used in many papers (e.g., in Firth et al. 2009 and in Qian, Strahan, and Yang 2015) . 9 The measure we used in this paper can reflect the credit allocation in the PRC well (Fan, Wang, and Zhu 2011) . The PRC financial system used to be very inefficient and ineffective. The financial intermediaries used to allocate credit to SOEs only even though the performances of the SOEs were less efficient than those of non-SOEs. The system has gradually evolved to become a more well-developed system after a series of reforms since 1978 until now. 10 The financial intermediaries have grown to more actively investigate and monitor firms due to improvement of the status of non-SOEs, the reform of the PRC financial system, the increasing competition among the financial institutions, etc. Since non-SOEs, in general, are having better performances and are more promising than SOEs, the proportion of credit allocated by the PRC financial institutions to non-SOEs to total credit has increased gradually.
Panel B of Table 1 presents the mean, median, and standard deviation of the credit market development index from 1999 to 2006. The mean of the credit market development index increases from 3.27 to 8.73. The median is close to the mean. These show that credit allocation of the PRC financial intermediaries has improved throughout these years. The standard deviation of the credit market development index in each year ranges from 2.07 to 3.07, indicating that credit allocation varies from one province to another.
Control Variables
Following the literature, we include firm, industry, and province control variables that might affect firms' product innovation. The firm control variables include firm size, firm age, age square, leverage, investment intensity, whether it is an export firm, return on asset (ROA), and ownership types. The industry control variable is industry concentration (measured by Herfindahl-Hirschman Index). Province control variables include the secondary-industry production ratio, third-industry production ratio, and provincial GDP per capita. In addition, we include the government subsidy variable since the PRC government subsidizes companies that engage in more innovative activities. Table 2 provides the definitions for all of the variables, including the control variables, the credit market development variable (CMD), NP, NPr, and the variables used in the following sections. Panel C of Table 1 presents the summary statistics for the sample mean, median, minimum value, and maximum value of the control variables.
7 Please refer to www.cerdi.org/uploads/sfCmsContent/html/192/Fangang.pdf for a detailed description of the data. 8 Qian and Yeung (2014) use the same index as we used to proxy banking industry development (page 3). 9 Firth et al. (2009) use the NERI index as an indicator of market development conditions (page 1154). Qian, Strahan, and Yang (2014) use the NERI index as the Coastal indicator (page 20). The credit market development index used in our paper is one of the components of the NERI index. 10 Please see section 2 for a detailed overview of the PRC financial system. Ratio of new product production on total production. CMD Credit market development index from Fan, Wang, and Zhu (2011) , constructed from the ratio of credits allocated to non-SOEs on total credits for each province. size Firm size, constructed as natural log of total asset of a firm at the end of a fiscal year. lnage
Firm age, defined as natural log of current year minus firm establish year. lnage2
Firm age square leverage Leverage, defined as total debt dividing total asset of a firm at the end of a year. Investment intensity Fixed asset, defined as fixed asset dividing total asset of a firm at the end of a year. Ratio of gross domestic product (GDP) from industries including mining, manufacturing, electricity, gas and water producing and supplying, and construction, defined as GDP of secondary industry dividing total GDP of a province at the end of a year third industry Ratio of GDP from industries excluding agriculture and those in secondary industry, defined as GDP of third industry dividing total GDP of a province at the end of a year lngdppc Ln GDP per capita defined as logarithm of provincial GDP dividing provincial population at the end of a fiscal year small Small-sized firms, equals 1 if the size of the companies are small as defined by NBS of China, and 0 otherwise mid Middle-sized firms, equals 1 if the size of the firms are middle as defined by NBS of China, and 0 otherwise fp50
Firm performance dummy, equals 1 if the return on asset of the firm is above the 50% of all firms in the same province, industry, and year. It equals zero otherwise. nonSOE_ratio The ratio of the number of non-SOEs on total number of firms in one province at the end of a year FD Financial depth, defined as the total credits of a province dividing the GDP of that province at the end of a year
RESULTS
Empirical Models
In this subsection, we describe the models used in our analysis. To test whether credit market development affects firms' product innovation incentives, we estimate two models. The first model is where , = �NP , = 1�, the possibility that firm i produces new products at time t;
, −1 represents the credit market development for province k in year t-1; , , , −1 denotes the control variables for firm i, in industry j, province k, at time t-1; , and represent province-level,industry-level,and year fixed effects,respectively; , , , is the error term; β 1 is the constant term; β 2 represents the effect of credit market development through improving credit allocation on firms' product innovation incentives;
′ are vectors of coefficients of the control variables.
In the second model, we use the conditional logit method. The second model is
where represents firm-level fixed effect.
To test whether credit market development affects firms' product innovation outcomes, we estimate the third model using the fixed effect regression method and the fourth model using the tobit method. The third model is 
Baseline Results
From two perspectives, we analyze how credit market development affects product innovation by improving credit allocation. First, we explore whether the improvement in allocation affects firms' incentives to produce new products in general. Second, we investigate whether improved credit allocation encourages firms to produce more products. Table 3 provides the results for firms' product innovation incentives and outcomes. For the product innovation incentives, we apply both pooled logit and conditional logit estimation methods. The advantage of the pooled logit is that it can utilize the information in all observations and provide the average partial effect of a variable. In comparison with the pooled logit method, the advantage of the conditional logit is that it allows us to control for the unobserved firm fixed effect. In other words, the method allows us to include many time-invariant firm characteristics that affect both credit market development and firms' product innovation incentives. This reduces the endogeneity problems caused by omitted variables. Nevertheless, the conditional logit method only considers the within variation of the variables. The firms which always or never produce new products are dropped during the estimation, and this therefore results in a big loss of observations. The standard errors are clustered by industry and province. The first two columns provide results for firms' innovation incentives. Coefficients are estimated by logit and conditional logit methods. The third and fourth columns provide results for firms' innovation outcomes. Coefficients are estimated by fixed effect regression and tobit methods. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. The definitions of all other control variables can be found in Table 2 . Standard errors are in parentheses. Marginal effect for CMD is in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
The results from the pooled logit method, which are shown in column (1) of Table 3 , demonstrate that credit market development, through improvement of credit allocation, enhances the probability of firms producing new products. This finding is statistically significant at the 1% level, holding other factors constant. When credit market development increases by 1 point, around 471 (891,384/7 ×0.0037) firms will be induced to engage in producing new products in 1 year, on average. The magnitude is similar to that of Benfratello, Schiantarelli, and Sembenelli (2008) who have shown that credit market development induces 133 (6,025/9×0.2) firms in Italy to engage in product innovation. Column (2) provides the results of the conditional logit method: credit market development is also significantly positive at the 1% level. All of the results confirm the idea that credit market development, by improving credit allocation, does increase firms' product innovation incentives.
The results also indicate that firm size, the ratio of firms' exports to production, firms' performances, GDP per capita in a province, and the proportion of third-industry production in GDP have statistically positive effects on firms' incentives in engaging in innovative activities. In contrast, firms' leverage and the proportion of secondaryindustry production in GDP in a province have statistically negative effects on firms' product innovation incentives. In addition, as firms' age increases, their product innovation incentives first decrease and then increase.
For firms' product innovation outcomes, the estimation methods we use include the fixed effect regression method and the tobit method. The fixed effect regression method is commonly used, is very easy to apply, and can help reduce the endogeneity problem caused by omitted variables. However, this method cannot account for the fact that the data are censored. Since not all firms produce a new product each year, there are many zeros in the data, which might make the fixed effect regression less trustworthy. In comparison with the fixed effect regression method, the tobit method is more suitable for censored data. In addition, the standard errors are also clustered at the province and industry levels.
The results for firms' product innovation outcomes are presented in columns (3) and (4) in Table 3 . In column (3), we provide the results estimated by the fixed effect regression method, which show that the coefficient of credit market development is positive and significant at the 5% level. When credit market development increases by 1 point, a firm will produce CNY33(66,739.79×0.05%) 11 more in new products in 1 year on average. The magnitude of the coefficients is close to that of Ayyagari, Demirguc-Kunt, and Maksimovic (2011) who have shown that when bank financing increases by 1 point, the core innovation of firms increases by 0.2%. The results estimated by the tobit method are presented in column (4). The coefficient of credit market development is positive and significant at the 1% level. After accounting for the fact that the data are censored, the coefficient of credit market development on firms' product innovation outcomes increases substantially. This illustrates that, when credit market development increases by 1 point, a firm is predicted to produce CNY1,441(66,739.79×2.16%) more in new products in 1 year on average. All of the results in Table 3 reinforce the idea that credit market development, by improving credit allocation in the PRC, does promote industrial firms' product innovation incentives and outcomes.
Mechanisms
In this subsection, we investigate the mechanism through which credit market development affects firms' product innovation incentives and outcomes by improving credit allocation. Specifically, we examine the credit constraint channel. We hypothesize that, if financial intermediaries can effectively alleviate firms' credit constraints over time, more credit-constrained firms should be more affected by credit market development. This is because the marginal utility provided by credit market development is higher for more credit-constrained firms than for less constrained firms.
To examine whether the more credit-constrained firms are more affected by credit market development, we first test whether privately owned firms are more affected by credit market development than other types of firms. We then test whether SMEs are more affected by credit market development than large firms.
Firm size has been widely used as a measure of credit constraint (Guariglia 2008) . In the PRC, firm ownership has also been used as a proxy for firm credit constraint (Poncet, Steingress, and Vandenbussche 2010 . SMEs and privately owned firms have been found to be more credit constrained than other firms. First, the PRC financial system originated from a state-owned monobank system. The financial institutions tend to allocate credit following the central government's or local governments' directives (Cull and Xu 2003) . Second, due to non-listed privately owned firms' and SMEs' short credit history and non-standardized financial reports, the financial institutions tend to discriminate against them (Brandt and Li 2003; Guariglia and Poncet 2008; Chong, Lu, and Ongena 2013) . We construct a dummy variable, private, where private is equal to one if the firm is privately owned and zero otherwise. We then add the interaction of private and credit market development to the models in section 4.1. The coefficient of the interaction term captures the effect of credit market development on privately owned firms' innovative capacities compared with those of SOEs. In Table 4 , we provide the results for product innovation incentives and outcomes for both types of firms. Columns (1) and (2) show the results for firms' product innovation incentives using the logit and conditional logit methods. The coefficients of the interaction of the variables private and credit market development are positive and significant at the 5% level in both regressions. This means that credit market development has a greater effect on the product innovation incentives of privately owned firms compared with other types of firms. The effect of credit market development on privately owned firms' product innovation incentives is 0.12% higher than it is for other types of firms. Columns (3) and (4) present the results for firms' product innovation outcomes. The coefficients of the interaction of the variables private and credit market development are also positive and significant at the 5% level. Compared with other types of firms, the effect of credit market development on privately owned firms' product innovation outcomes is 0.09% higher using the fixed effect regression method and 0.59% higher for the tobit method. The first two columns provide results for firms' innovation incentives. Coefficients are estimated by logit and conditional logit methods. The third and fourth columns provide results for firms innovation outcomes. Coefficients are estimated by fixed effect regression and tobit methods. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. Private is a dummy of private firms. CMD*private denotes the interaction of private and CMD. The other control variables are the same as those in Table 3 . For simplicity, we do not report the estimation results for other control variables. Standard errors are in parentheses.
Marginal effects are in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
We then test whether the SMEs are more affected than large firms by improved credit allocation as a result of credit market development. We construct two dummy variables: middle and small. Middle is equal to one if the size of the firm is middle and zero otherwise. Small is equal to one if the size of the firm is small and zero otherwise. The variables small dummy, middle dummy, interaction of small dummy and credit market development, and interaction of middle dummy and credit market development are added to the models in section 4.1. The results are presented in Table 5 . All coefficients of the interaction terms in columns (1) and (2) are positive and significant at the 1% level. The results indicate that, compared with large firms, credit market development affects SMEs' product innovation incentives by 0.63% (0.4% + 0.23%) more. Both coefficients of the interaction terms are also positive and significant at the 5% level using the tobit method. This finding shows that compared with large firms, the effect of credit market development on SMEs is 3.14% higher. The first two columns provide results for firms' innovation incentives. Coefficients are estimated by logit and conditional logit methods. The third and fourth columns provide results for firms innovation outcomes. Coefficients are estimated by fixed effect regression and tobit methods. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. Small is a dummy of small-sized firms.
Middle is a dummy of middle-sized firms. CMD*small denotes the interaction of small and CMD. CMD*mid denotes the interaction of mid and CMD. The other control variables are the same as those in Table 3 . For simplicity, we do not report the estimation results for other control variables. Standard errors are in parentheses. Marginal effects are in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level. Tables 4 and 5 show the heterogeneous effects of how credit market development promotes firms' product innovation incentives and outcomes. Credit market development, through improved credit allocation, encourages creditconstrained firms to innovate more than firms that are less constrained.
All of the results in
Financial Performance of Firms
We then examine whether credit market development, by improving credit allocation, has a different effect on product innovation incentives and outcomes based on the firm's financial performance. We hypothesize that, as the financial institutions become more active in investigating firms and projects instead of just allocating credit to SOEs following government directives, they will be more likely to lend to firms with better performances. First, firms with better performances have the ability to repay loans on time. Second, firms with better performances might also have superior operations, management, and strategy than other firms, and they might care more about their long-term growth. Third, firms with better performance might be better able and more willing to engage in risky innovative projects. Therefore, banks might be more willing to lend to the innovative projects of firms with better performances than those which have underperformed.
We use ROA as a proxy for firm performance: the higher the ROA, the better the firm performance. Table 3 shows that firms' ROA has a positive and significant effect on firms' product innovation incentives and outcomes. We generate a dummy variable, fp50, by first sorting the firms within the same industry, province, and year based on their ROAs. The dummy variable fp50 is equal to one if the firms' performances are above the 50th percentile, and zero otherwise. The variable fp50 and the interaction term of fp50 and credit market development are added to all of the models in section 4.1. A positive and significant interaction term indicates that the firm performance is indeed a factor.
In Table 6 , we present our results. Column (1) shows the results for firms' product innovation incentives estimated by the logit method, and column (2) shows those estimated by the conditional logit method. Column (3) shows the results for firms' product innovation outcomes estimated by the fixed effect regression model, and column (4) shows those estimated by the tobit method. The coefficients associated with the interaction terms of credit market development and fp50 are all positive and significant at the 5% level, which indicates that, compared with low-performance firms, the effect of credit market development on high-performance firms' product innovation incentives and outcomes is 0.09% higher-0.04% higher using the fixed effect regression method, and 0.48% higher with the tobit model. The first two columns provide results for firms' innovation incentives. Coefficients are estimated by logit and conditional logit methods. The third and fourth columns provide results for firms innovation outcomes. Coefficients are estimated by fixed effect regression and tobit methods. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. The variable fp50 is a dummy of profitable firms in the first 50% percentile of all firms in the same province and industry. CMD*fp50 denotes the interaction of fp50 and CMD. The other control variables are the same as those in Table 3 . For simplicity, we do not report the estimation results for other control variables. Standard errors are in parentheses. Marginal effects are in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
ROBUSTNESS CHECK
In this section, we check the robustness of our results. We first check the validity of our results using the instrumental variable method. We then examine whether our results are driven by an increase in the number of non-SOE firms or an increase in total credit rather than improvement of credit allocation. Afterwards, we evaluate our results using firms that produce new products only. Furthermore, we investigate our results by employing an alternative credit market development measure. In the end, we check our results by excluding listed firms in the sample.
Instrumental Variable Regression
In this subsection, we solve the endogeneity problem using the instrumental variable (IV) method. Similar to Chong, Lu, and Ongena (2013), we construct an IV as follows: we use the average of the credit market development in neighboring provinces as the IV. First, the innovative capacities of firms in one province might not affect credit market development in other provinces. Second, the credit market development of other provinces is not likely to affect the local firms' innovative capacities because the PRC credit market is region specific (Qian and Yeung 2014) . Bank branches are discouraged from lending to firms in other regions to minimize the overlapping competition. Third, the first-stage F-test shows that our instrument is valid. Since the logit methods cannot accommodate the IV method, we use a linear probability model to estimate how credit market development affects firms' product innovation incentives. Table 7 presents the results. Column (1) presents the results for firms' product innovation incentives using a linear probability model, and column (2) presents those using the fixed effect linear probability model. Column (3) provides the results using the fixed effect regression method, and column (4) provides those using the tobit model. The first-stage F-statistics shows that the IV variable is statistically significant at the 1% level. The coefficients obtained by these four methods are all statistically significant at the 1% level, further reinforcing the idea that credit market development, by improving credit allocation, promotes firms' product innovation. The first column presents estimated results under fixed effect regression method. The second column presents results for under tobit method. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. Standard errors are in parentheses. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
Improvement of Credit Allocation or Not?
Since the credit market development variable is constructed as an index of credit extended to non-SOEs relative to total credit, a larger number of non-SOEs might lead to a higher value. This would indicate that the increase in credit market development might not be due to improved credit allocation, instead resulting from the increase in the number of non-SOEs. To check whether our results are due to improved credit allocation or a higher number of non-SOEs, we construct a variable nonSOE_ratio, as the ratio of the number of non-SOEs to the total number of firms. We then add the nonSOE_ratio into the equations in section 4.1.
Our results show that the credit market development variable is still significant for all cases after controlling for the nonSOE_ratio (Table 8) . The first two columns provide results for firm innovation incentive. Coefficients are estimated by logit and conditional logit. The third and fourth columns provide results for firm innovation ability. Coefficients are estimated by fixed effect regression and tobit method. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. nonSOE denotes the ratio of the number of non-SOEs on total number of firms in a province. The definitions of all other control variables can be found in Table 2 . Standard errors are in parentheses. Marginal effect for CMD is in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level. The first two columns provide results for firm innovation incentive. Coefficients are estimated by logit and conditional logit. The third and fourth columns provide results for firm innovation ability. Coefficients are estimated by fixed effect regression and tobit method. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. FD denotes the financial depth. The definitions of all other control variables can be found in Table 2 . Standard errors are in parentheses. Marginal effect for CMD is in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
Credit market development consists of various dimensions, including improvement of credit resource allocation and an increase in total credit (financial depth). To further investigate whether our results are driven by an increase in the quantity of credit or improvement in credit allocation, we add the financial depth variable to the equations in section 4.1. Following the literature, financial depth is defined as total credit/GDP for each province in each year.
The resultsindicate that the increase in the industrial firms' product innovation incentives and outcomes are more likely to be driven by improved credit allocation rather than financial depth (Table 9) . After controlling for financial depth, the credit market development variable is significant in all cases. However, the financial depth variable is only statistically significant using the conditional logit method and fixed effect regression method.
Firms with New Products Only
Our primary results apply to all firms regardless of whether they have new products or not. In this part, we restrict our sample to firms producing new products to further check our results. We select firms producing new products in at least 1 year of our sample period. The sample size is then reduced to 129,131.
We report all results using the fixed effect regression and tobit methods in Table 10 . These results are consistent with our primary results. The credit market development term for the full sample is positive and statistically significant at the 1% level for both methods. The interactions of the private variable and the credit market development term, the small variable and the credit market development term, and the middle variable and the credit market development term are also positive and significant for both methods. The first two columns provide full sample results for firms' innovation outcomes. Columns (3) and (4) are comparisons of private and other types of firms. Columns (5) and (6) are comparisons of small and medium-sized enterprises, and large firms. Columns (7) and (8) are comparisons of profitable and other firms. Coefficients are estimated by fixed effect regression and tobit methods. All independent variables are lagged by one period. The standard errors are clustered by province and industry. CMD is credit market development index. The variable fp50 is a dummy of profitable firms in the first 50% percentile of all firms in the same province and industry. CMD*fp50 denotes the interaction of fp50 and CMD. Small is a dummy of small-sized firms. Middle is a dummy of middle-sized firms. CMD*small denotes the interaction of small and CMD. CMD*mid denotes the interaction of mid and CMD. Private is a dummy of private firms. CMD*private denotes the interaction of private and CMD. The other control variables are the same as those in Table 3 . For simplicity, we do not report the estimation results for other control variables. Standard errors are in parentheses. Marginal effects are in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
An Alternative Credit Market Development Measure
In this part, we employ an alternative measure to proxy the credit market development. The variable CMD only represents the credit side of the credit market development. Nevertheless, the deposit side also affects the availability of the credits to firms. Therefore, we use a composite index by combining both the credit side and the deposit side of the credit market development as a proxy for credit market development. The index is constructed as a combination of deposits to non-state-owned financial institutions on total deposits and credit allocated to non-SOEs on total credit. The higher this index, the more marketization the financial market is (Fan, Wang, and Zhu 2011) . The results shown in Table 11are consistent with our primary results. The first two columns provide results for firms' innovation incentives. Coefficients are estimated by logit and conditional logit methods. The third and fourth columns provide results for firms' innovation outcomes. Coefficients are estimated by fixed effect regression and tobit methods. All independent variables are lagged by one period. The standard errors are clustered by province and industry. Fmkt is an alternative credit market development index constructed as a composite index of deposit for non-state-owned financial institutions divided by total deposits and CMD. The definitions of all other control variables can be found in Table 2 . Standard errors are in parentheses. Marginal effect for Fmkt is in square brackets. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
Excluding Listed Firms
We check our results by excluding listed firms in the sample, matching the firms by name, and removing listed firms. Listed firms comprised only 0.5% of the sample. The results are also consistent with our primary results and are available upon request.
CONCLUSIONS
In this paper, we examine the effects of credit market development, and the resulting improvement in credit allocation, on firms' product innovation incentives and outcomes in the PRC. Using a large dataset of industrial firms in 31 provinces in the PRC from 2000 to 2007, we find that provincial-level credit market development enhances firms' product innovation incentives and outcomes. We show that firms' credit constraints and performances are two channels through which credit market development affects firms' product innovation abilities. The product innovation incentives and outcomes of more credit-constrained firms and firms with better performances are more affected by credit market development than other types of firms. We also show that our results are not due to a higher number of non-SOEs, nor are the results driven by the increase in the quantity of total credit (financial depth) in each year.
Our results are also robust for different estimation methods, different samples, and alternative measures for credit market development. To solve the endogeneity problem caused by omitted variables, we control for many unobserved variables, including firm fixed effect, industry fixed effect, and province fixed effect. We also used the IV method to solve the reverse causality problem.
To our knowledge, this is the first paper to investigate whether provincial credit market development enhances PRC firms' innovation abilities through improved credit allocation. Distinct from research that provides country-level and industry-level data, we provide firm-level evidence for the ongoing debate on whether and how credit market development affects innovation.
